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APPARATUS AND METHOD FOR HANDLING 
LOST CELLS IN A COMMUNICATIONS 

SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to U.S. patent application 
Ser. No. 11/095,769 of Kenneth Isley, filed on even date 
herewith, entitled "Apparatus and Method for Processing 
Cells in a Communications System” 

FIELD OF THE INVENTION 

The present invention relates to communications systems, 
and more particularly relates to an apparatus and method for 
handling lost cells in a communications system, by tagging 
cells associated with a loss event with a lost cell indicator. 

BACKGROUND OF THE INVENTION 

In communications systems that receive data from connec 
tionless data-based networks, appropriate steps must be taken 
to deal with the possibility of lost cells. In some systems, for 
example, those using Asynchronous Transfer Mode (ATM) 
Adaptation Layer One (AAL1) lost cell processing in accor 
dance with the International Telecommunication Union 
Specification ITU-T I.363.1 Robust Sequence Number Algo 
rithm, lost cells may be handled by inserting dummy cells to 
fill the space that would have been occupied by the lost cell or 
cells. This requires moving a cell that has already been stored 
to make room for a dummy cell. This is a computationally 
expensive operation, and one does not know that a stored cell 
must be moved to make room for a dummy cell until it has 
already been stored. Alternately, a dedicated stored cell 
memory can be employed, but lost cell handling is then lim 
ited by the size of the dedicated memory. 

Accordingly, there is a need in the prior art for a more 
efficient way to handle lost cells. 

SUMMARY OF THE INVENTION 

Aspects of the present invention, addressing the needs 
identified in the prior art, provide a method and apparatus for 
processing cells in a communication system. In one exem 
plary form, the method includes the steps of obtaining a cell, 
causing the cell to be stored, determining whether the cell is 
associated with a loss event, and if the cell is associated with 
a loss event, causing the cell to be tagged with a lost cell 
indicator. The indicator can preferably be a compressed indi 
CatOr. 

An illustrative embodiment of an apparatus according to 
the present invention can include a cell processing module 
and a cell buffer interface that is coupled to the processing 
module and that is configured to interface with a cell buffer. 
The processing module can be configured to obtain a cell, 
cause the cell to be stored in the buffer through the buffer 
interface, determine if the cell is associated with a loss event, 
and then tag the cell if it is associated with a loss event. 
A more complete understanding of the present invention, 

as well as further features and advantages of the present 
invention, will be obtained by reference to the following 
detailed description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a segmentation and re-assembly apparatus in 
accordance with the present invention; 
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2 
FIG. 2 depicts a preferred form of header and sequence 

number processing module for the apparatus of FIG. 1; 
FIG. 3 depicts a modified form of segmentation and re 

assembly protocol data unit (SAR-PDU) in accordance with 
the present invention; 

FIG. 4 depicts a flow chart showing method steps for pro 
cessing cells in a communications system, according to the 
present invention; 

FIG. 5 shows one manner of receiving a normal sequence 
of eight cells in a communications system not employing the 
present invention; 

FIG. 6 depicts receipt of an abnormal sequence of eight 
cells in Such a system; 

FIG.7 depicts receipt of a normal sequence of eight cells in 
another form of communication system not employing the 
present invention; 

FIG. 8 depicts receipt of an abnormal sequence of eight 
cells in Such a system; 

FIG.9 is a flow chart depicting another method of process 
ing cells in accordance with the present invention; 

FIG. 10 depicts receipt of a normal sequence of eight cells 
in the present invention; 

FIG. 11 depicts receipt of an abnormal sequence of eight 
cells including a lost cell in the present invention; 

FIG. 12 depicts receipt of an abnormal sequence of cells 
wherein several cells are missing in accordance with the 
present invention; 

FIG. 13 depicts receipt of another sequence of abnormal 
cells in accordance with the present invention; 

FIG. 14 depicts a flow chart showing inventive method 
steps for handling cells in accordance with the present inven 
tion; 

FIG. 15 depicts inventive method steps for handling P-type 
cells in accordance with the present invention; 

FIG. 16 depicts inventive method steps for handling non 
P-cells in accordance with the present invention; 

FIG. 17 depicts inventive method steps for lost cell pro 
cessing in accordance with the present invention; 

FIG. 18 depicts an apparatus for processing cells in accor 
dance with the present invention; 

FIG. 19 depicts a preferred manner of implementing the 
present invention using an Application Specific Integrated 
Circuit (ASIC); and 

FIG.20 is a flow chart showing a preferred implementation 
of the method of FIG. 4. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a segmentation and re-assembly 
apparatus 100, according to the present invention, can inter 
face with a cell delay variation (CDV) buffer 102 and a 
re-assembly memory buffer 104. Apparatus 100 can include a 
header and sequence number processing module 106. Mod 
ule 106 can be configured to obtain a plurality of cells, for 
example, from a network side 108. Apparatus 100 can also 
include a cell delay variation buffer interface 110 coupled to 
the processing module 106 and configured to interface with 
the cell delay variation buffer 102. Apparatus 100 can also 
include a re-assembly processing module 112 that is coupled 
to the header and sequence number processing module 106. 
Further, apparatus 100 can include a re-assembly memory 
buffer interface 114 that is coupled to the re-assembly pro 
cessing module 112 and is configured to interface with the 
re-assembly memory buffer 104. Re-assembly processing 
module 112 can, for example, interface with a line side 116. 
Header and sequence number processing module 106 can be 
configured to cause a number of payloads from the cells to be 
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stored in annotated form through CDV bufferinterface 110, to 
cause a given one of the annotated payloads to be extracted 
through the CDV bufferinterface 110, and to pass the payload 
information for the annotated payload that has been extracted 
to the re-assembly processing module 112. The bi-directional 
data flow between module 106, buffer interface 110, and 
buffer 102 is suggested by the arrows pointing in both direc 
tions. 
As used herein, a reference to cells stored in “annotated 

form' means that the cells are stored in a form including the 
actual payload plus Suitable header-type identifying data, that 
is, in a packet- or frame-oriented manner. The present inven 
tion may be advantageously employed where the cells that are 
processed are Asynchronous Transfer Mode (ATM) cells, 
such as ATM Adaptation Layer 0 (AALO) or ATM Adaptation 
Layer 1 (AAL1) cells. Other types of cells, including other 
types of ATM cells, can be processed with the present inven 
tion. For example, type 3 and type 4 ATMA AL cells employ 
sequence numbering and it is believed that they may be 
advantageously processed with the present invention. Appro 
priate annotated forms for storage will depend on the type of 
cells being processed; in a preferred form of the invention, the 
annotated form is a modified ATM AAL1 segmentation and 
re-assembly protocol data unit (SAR-PDU) form to be dis 
cussed below. 
The re-assembly processing module 112 can be configured 

to cause the payload information received from module 106 
to be stored in the re-assembly memory buffer 104 through 
the re-assembly memory buffer interface 114. Further, re 
assembly processing module 112 can cause the payload infor 
mation to be extracted from re-assembly memory buffer 104 
through re-assembly buffer interface 114. Operation of mod 
ule 112, interface 114 and buffer 104 may be implemented 
using techniques that are similar to those employed for the 
caching of instructions and data for a central processing unit 
(CPU). 

Line side 116, can be, for example, a clocked, constant bit 
rate telephone system, while network side 108 can be, for 
example, a connectionless data-based network. In Such case, 
header and sequence number processing module 106 can be 
configured to interface with the network side, while re-assem 
bly processing module 112 can be configured to interface 
with the line side 116. Module 112 can be configured to cause 
the payload information to be extracted from CDV buffer 102 
through CDV buffer interface 110 and header and sequence 
number processing module 106, in response to a request 
received from the line side by the re-assembly processing 
module 112. This is suggested by the dotted lines intercon 
necting processing module 106, processing module 112, and 
line side 116. Accordingly, header and sequence number pro 
cessing module 106 can be appropriately configured to cause 
extraction of the given payload from buffer 102 through 
buffer interface 110 responsive to the request received from 
re-assembly processing module 112. Re-assembly process 
ing module 112 can be configured to make the request based 
on the contents of the re-assembly memory buffer 104 as 
determined through re-assembly memory buffer interface 
114. Such a request can be made, for example, when contents 
of the re-assembly memory buffer 104 fall below a predeter 
mined fixed threshold that is selected to be compatible with 
the data requirements of line side 116. The payload informa 
tion can be passed from the header and sequence number 
processing module 106 to the re-assembly processing module 
112 as a raw timeslot payload, accompanied by Suitable pay 
load alignment signals, for example, over a suitable bus struc 
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4 
ture. Element 118 represents a portion of apparatus 100 useful 
for handling lost cells and is discussed in a more general form 
with respect to FIG. 18. 

It will be appreciated that the buffer interfaces discussed 
herein, such as buffer interfaces 110, 114, can vary in con 
struction depending on whether buffers such as buffers 102. 
104 are implemented on the same chip as modules Such as 
modules 106, 112, or are external to the chip. In the former 
case, the interfaces can simply include the appropriate on 
chip hard-wired interconnections, while in the latter case, 
appropriate interconnections to discrete memory devices can 
be employed. 

Reference should now be had to FIG. 2, wherein elements 
similar to those in FIG. 1 have received the same reference 
character incremented by 100. As shown in FIG. 2, in one 
preferred form of the present invention, the functioning of the 
header and sequence number processing module 206 is 
divided between first and second and processing modules 
218, 220. First processing module 218 can be configured to 
obtain the plurality of cells and to cause the plurality of 
payloads from the cells to be extracted from the cells as 
appropriate and stored in the appropriate annotated form in 
CDV buffer 202 through CDV buffer interface 210. Second 
processing module 220 can be configured to cause the given 
annotated payload to be extracted from CDV buffer 202 
through CDV buffer interface 210 and to then pass the pay 
load information for the given annotated payload to the re 
assembly processing module 112, as described above. At 
present, it is believed that in the preferred implementation of 
the invention, processing modules 218, 220 will be imple 
mented as a combination of hardware and firmware running 
on embedded CPUs. This is desirable in order to correct any 
errors in handling of the cells, since only the firmware, rather 
than the hardware, needs to be changed. Note that a specific 
exemplary embodiment employing an Application Specific 
Integrated Circuit (ASIC) will be discussed below. 

Attention should now be given to FIG.3, which depicts an 
ATMAAL1 modified SAR-PDU format300 having a header 
portion 302 and a payload 304. Header portion 302 can, for 
example, be implemented as an 8bit byte, and can include one 
or more of a sequence number field, a cell loss indication 
field, and a number of lost cells field. The sequence number 
field can be, for example, a three bit field 306 occupying bits 
4, 5, and 6. The cells loss indication field can be, for example, 
a one bit cell loss flag occupying bit position3, as show at 308. 
The number of lost cells field can be, for example, a three bit 
field occupying bit positions 0, 1 and 2 as shown at 310. A 
convergence sub-layer indication bit 312 can also be 
included, for example, at bit position 7. It will be appreciated 
that any appropriate header format including required data 
can be employed; the preferred format shown in FIG. 3 has 
been found to be useful in aspects of the present invention 
dealing with ATMAAL1 cells, including the handling of lost 
cells as will be discussed below. It is believed that certain 
advantages of the present invention, namely, the ability to use 
lower cost memory for the CDV buffer 202 by breaking up the 
CDV and re-assembly functions, are best achieved by storing 
the cell in an appropriate annotated form, as discussed above, 
preferably a SAR-PDU form, and most preferably a modified 
SAR-PDU form as depicted in FIG.3. Using this type of data 
structure for storage in the CDV buffer, as opposed to the raw 
timeslot data, allows the breaking up of the two different 
buffering functions in accordance with the present invention. 
As noted, it is believed that other appropriate structures. Such 
as ATMAAL type 3 or 4 cells, or additional AAL1 features, 
with appropriate header modifications if desired, may appro 
priately be employed. 
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Attention should now be given to FIG. 4 which depicts a 
flow chart 400 showing method steps of a method of process 
ing cells in a communication system in accordance with the 
present invention. As depicted at block 402, the method 

6 
port cell loss on all virtual channels simultaneously, or may 
limit the number of cells that each channel can lose beforean 
CO OCCU.S. 

The memory and cell loss handling issues of the methods 
includes obtaining a number of cells, storing the payloads of 5 just discussed can be addressed using a method in accordance 
the cells in annotated form in a CDV buffer, as shown at block 
406, causing extraction of a desired annotated payload from 
the CDV buffer, as per block 410, causing payload informa 
tion of a given annotated payload to be stored in a re-assembly 
memory buffer as per block 412, and causing the payload 
information to be extracted from the re-assembly memory 
buffer as per block 416. In a preferred form of the invention, 
the cells are ATMAAL1 cells and they are stored in the CDV 
buffer in the annotated form described above. As indicated at 
block 412, the payload information can be stored in the re 
assembly memory buffer as a raw timeslot payload. As indi 
cated at block 414, a data request from a telephone system can 
be received, such that the payload information is extracted 
from the re-assembly memory buffer in response to the tele 
phone system request. Step 410 can be performed by a header 
and sequence number processing module of the kind 
described above, while step 412 can be caused to be per 
formed by a re-assembly processing module of the type 
described above. As per block 408, a request can be passed 
from the re-assembly processing module to the header and 
sequence number processing module for extraction of an 
annotated payload from the CDV buffer. The request can be 
issued based on contents of the re-assembly memory buffer, 
as discussed above. As per block 404, the payloads will typi 
cally be extracted from the cells. 
The present invention provides the capability of detecting 

and handling lost cells in a communications system. Refer 
ring now to FIG. 5, in a technique not employing the present 
invention, a normal sequence of eight (8) cells numbered 0-7 
are received, as per 502, stored, as per 504, and then accepted 
in a CDV buffer as per 506. 

Referring now to FIG. 6, receipt of an abnormal sequence 
of cells in the handling method described in FIG. 5 is 
depicted. In the abnormal sequence, cell number 2 has been 
lost. Once two (2) cells beyond the lost cell have been 
received, a determination is made that a cell has been lost and 
must be replaced with a dummy cell. The dummy cell 608 is 
inserted in place of the lost cell number 2. The type of pro 
cessing shown in FIG. 5 and FIG. 6 can be implemented with 
a dedicated stored cell memory approach. In such case, a cell 
worth of memory must be allocated to each virtual channel 
that is being Supported. Accordingly, if a system were to 
support 1,024 virtual channels, it would require 48K bytes of 
dedicated memory to Support simultaneous robust sequence 
number processing on all 1,024 channels. 

Another technique that does not employ the present inven 
tion is the copy/insert approach. As shown in FIG. 7, for 
receipt of a normal sequence of 8 cells, the received cells 702 
are stored directly in the CDV buffer 706. The stored cells are 
indicated by the circled sequence of cells 0-6. 

FIG. 8 depicts the handling of an abnormal sequence of 8 
cells where cell number 2 has been lost, using the copy/insert 
approach. When the missing cell number 2 is detected, the 
subsequently received cell number 3 is copied and inserted 
into the next slot, and the previous occurrence of cell number 
3 is replaced with a dummy cell 808. While the approach 
depicted in FIG. 7 and FIG. 8 is efficient in terms of memory 
use, it requires that a copy/insert operation be performed each 
time that a cell is lost; the copying and insertion of up to 7 cells 
worth of data is a time consuming operation, and can place 
limitations on the number of simultaneous cell loss events 
that can be supported. Such designs may not be able to Sup 
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with the present invention. Reference should now be had to 
FIG.9, which depicts a flow chart 900 showing method steps 
of a method of processing cells in a communication system 
according to the present invention. After beginning at 902, a 
cell can be obtained as per block 904. The just-obtained cell is 
referred to as the “current cell. Optionally, as per block 906, 
one can perform calculations to determine whether the cell is 
valid (for example, per International Telecommunication 
Union Specification ITU-T I.363.1); if it is determined at 
block 908 to be a mis-inserted cell or other invalid cell, it can 
be discarded as per block 910. Conversely, if the cell is not a 
mis-inserted cell or other invalid cell, a determination can be 
made per block 912 whether there has been a loss event 
(determination of the number of lost cells is discussed below). 
If that is the case, the last stored cell can be tagged with a lost 
cell indicator per block 914 (preferably compressed, as dis 
cussed below). While it is believed to be most efficient to tag 
the cell immediately following the loss event, other schemes 
may be employed, for example, the cell prior to the loss could 
be tagged with an indicator to insert the required number of 
lost cells worth of data after processing the cell prior to the 
loss event. In any case, when the current cell is valid, it can be 
stored as per block 916, for example, in a CDV buffer. Note 
that the arrow from block 918 to block 902 indicates that steps 
are normally repeated for additional cells in a sequence (e.g., 
0 to 7) and for additional sequences of cells. Note also that 
when using Asynchronous Transfer Mode (ATM) Adaptation 
Layer One (AAL1) lost cell processing in accordance with 
the International Telecommunication Union Specification 
ITU-T I.363.1 Robust Sequence Number Algorithm, a deter 
mination is not made that a cell follows a loss event until the 
next cell is received, thus, the current cell is obtained and a 
determination of loss made per block 912, but it is the previ 
ously stored cell that is tagged with the lost cell indicator. 
The lost cell indicator is preferably a compressed lost cell 

indicator; that is, it includes all the information needed to 
place a dummy cell in place of the lost cell, but without the 
necessity of using all the memory associated with the com 
plete data for the dummy cell. One preferred form of com 
pressed lost cell indicator is the modified header 302 dis 
cussed above with respect to FIG. 3, and particularly fields 
308 and 310 thereof. As noted, such an indicator is particu 
larly applicable to AAL1 cells, but it will be appreciated that 
appropriate tags may be constructed for other cells, such as, 
for example, ATMAAL (adaptation layer) type 3 and 4 cells 
employing sequence numbering. As used herein, compress 
ing of information pertaining to the lost cell refers to any 
process of preparing data indicative of the lost cell that does 
not occupy as much space as the complete dummy cell would. 
It will be appreciated that techniques analogous to run-length 
encoding may appropriately be employed for the compres 
Sion. In view of the foregoing discussion, it will be appreci 
ated that the method depicted in flow chart 900 preferably 
includes the step of compressing lost cell information, as 
shown at block 926. The compressed indicator would nor 
mally include as least a flag that a cell has been lost and then 
a field indicating how many cells had been lost; as noted, the 
preferred form of flag is the modified header portion depicted 
in FIG.3 above. 
The method can include the step of determining how many 

cells have been lost in the loss event. An exemplary manner of 
making such determination is depicted at blocks 920,922 and 
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924 of FIG.9. One can determine whethera sequence number 
SN1 of the given cell is greater than or equal to the sequence 
number SN2 of the previously obtained cell, as depicted at 
block 920. If such is in fact the case, the number of lost cells 
can be calculated as: 

N=SN1-SN2-1 (1) 

Conversely, if SN1 is not greater than or equal to SN2, the 
number of lost cells can be calculated as: 

It will be appreciated that while Equations 1 and 2 hold true 
for all cases, when seven cells are lost, regular signed math 
ematics yields a result of -1 instead of the expected 7. The 
skilled artisan will appreciate that various techniques may be 
used to address this; for example, unsigned math may be 
employed, or (with valid numbers for lost cells 0 through 7) a 
calculated result of minus 1 can be interpreted as the loss of 7 
cells. 

Referring now to FIG. 10, when a normal sequence of eight 
cells is received using the method depicted in flow chart 900, 
the received cells 1002 are placed into the CDV buffer as 
shown at 1006 in a manner similar to that depicted in FIG. 7. 
Referring to FIG. 11, when an abnormal sequence of cells is 
received, where cell number 2 has been lost, the received cells 
1102 are placed into the CDV buffer 1106 as shown; but once 
cell number 4 has been received and it is determined that cell 
number 2 is missing, a lost cell indicator 1110 is attached to 
cell number 3, which immediately follows the loss event, that 
is, the loss of cell 2. 

Referring to FIG. 12, a group of received cells 1202 is 
missing cells 3, 4 and 5. Again, the received cells are placed 
as accepted cells in the CDV buffer 1206, but a lost cell flag 
1210 is attached to cell number 6 following the loss event. In 
this case, SN1 is greater than or equal to SN2, such that 
equation 1 is employed to calculate the number of lost cells. 
With reference to FIG. 13, a group of received cells 1302 is 
missing cells 6, 7, 0 and 1. In this case SN1 is less than SN2, 
and equation 2 is used to calculate the number of lost cells to 
be placed in flag 1310. 

Detection of lost cells and storing of cells in a buffer such 
as a CDV buffer, including the tagging of cells following a 
loss event with a lost cell indicator, has been depicted. It will 
be appreciated that the present invention also provides appro 
priate methods for extracting data from the buffer such as the 
CDV buffer and re-assembling the payloads of the cells. 
Reference should now be had to FIG. 14 which depicts a flow 
chart 1400 of an inventive method having suitable method 
steps for handling cells extracted from storage. Accordingly, 
a method according to the present invention can include 
extracting a given stored cell of the desired stored sequence 
from storage (for example, obtaining 48 bytes of SAR-PDU 
data from a CDV buffer memory as depicted at block 1404). 
Furthermore, the method can include determining, as indi 
cated at decision block 1412, whether a given stored cell is 
tagged with a lost cell indicator. If Such is the case, payload 
data for cells lost in the loss event can be recreated, for 
example, by a method to be discussed below with respect to 
FIG. 17. As per block 1406, appropriate data can be collected 
that is needed to make the decision in block 1412. Such data 
can include the information from the annotated SAR-PDU, 
including the convergence Sublayer indication (CSI), which is 
used to signal whether the cell is a P-cell or a non-P-cell, as 
well as stored data regarding whether the “previous pointer 
found' parameter is true or false. Such data is indicated at 
blocks 1410 and 1408 respectively. Note that the “previously 
pointer found' parameter is optionally used, and is known to 
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8 
the skilled artisan from International Telecommunication 
Union Specification ITU-T I.363.1 (as is the aforementioned 
CSI). When the stored cell is not tagged with a lost cell 
indicator, the payload data can be extracted from the stored 
cell. As indicated at blocks 1416, 1418, such extraction can be 
performed in a different manner depending on whether the 
cell is a P-cell or a non-P-cell. As indicated at block 1420, 
where a lost cell tag is noted, appropriate processing can be 
carried out as discussed below with regard to FIG. 17. In 
appropriate circumstances, as indicated at block 1422, the 
cell is discarded and the process is finished as per block 1424. 
The skilled artisan will appreciate when it is appropriate to 
discard a cell. For example, in SDT Pointer mode (carrying 
more than one timeslot), one has to locate the first pointer 
(refer to “previous pointer found') before one can determine 
the correct alignment of the timeslots (i.e., timeslot “A” must 
be sent to receiver 'A'). Until the initial pointer is received, 
one is unaware where a given timeslot is to be sent, and thus 
should discard the associated cells. 

It will be appreciated that the following discussion of the 
handling of P-cells and non-P-cells has particular applicable 
to the ATMAAL1 SAR-PDU data format; however, it will be 
appreciated that other appropriate types of handling and 
reconstruction can be employed for different types of cells. 
Referring now to FIG. 15, which depicts a flow chart 1500 for 
handling a P-cell, P-cell processing can begin at block 1502, 
followed by a decision block 1504 where a check is made for 
an illegal pointer. If an illegal pointer is found the pointer 
error can be handled per block 1508 and the process com 
pleted per block 1510. If no illegal pointer is found, again a 
check can be made for a pointerparity error asperblock 1506; 
if such an erroris detected it can be handled as per block 1508. 
The aforementioned pointer-related operations can be con 
ducted in accordance with ITU-T I.363.1. If no error is 
detected, one can proceed to block 1512 and extract the pay 
load from the SAR-PDU. The appropriate data to be obtained 
is indicated at block 1514. An appropriate number of payload 
bytes can then be sent to the time slot re-assembly processing 
module as indicated at block 1516. One would skip the 
pointer octet located immediately after the cell loss annota 
tion field, because this would be the pointer octet in the P-cell 
and not desired payload data. When the entire payload area is 
not used, rather than sending a number of payloadbytes equal 
to the complete potential payload space to the type slot re 
assembly processing module, only “partial fill minus 1' pay 
load bytes may be sent, where “partial fill is a parameter 
ranging from 1-47 indicating how many bytes are actually 
being used for data, as indicated as block 1518. When the 
entire payload area is used (partial fill=47), only 46 bytes of 
payload may be transported due to the use of the pointer byte, 
which reduces the amount of payload by one; if partial fill is 
less than 47, then a number of bytes of payloadequal to partial 
fill may be carried, where partial fill (PF) is a parameter 
ranging from 1 to 46. At block 1520, the “previous pointer 
found' parameter can be set to true and stored as per block 
1522, and then the process can be finished as per block 1524. 

Reference should be had now to FIG. 16 which depicts a 
flow chart 1600 showing method steps for handling non-P- 
cells. Blocks analogous to those in FIG. 15 have received the 
same reference character incremented by 100. Processing 
begins at block 1602, and the payload is extracted at block 
1612 from SAR-PDU 1614. Since there is no need to be 
concerned with a pointer field, at block 1616 one simply 
sends “partial fill number of payload bytes to the timeslot 
re-assembly processing module. “Partial fill” is a stored data 
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parameter in 1618 indicating how many bytes of the available 
payload are actually being used. The process ends at block 
1624. 

Attention should now be given to FIG. 17 which depicts a 
flow chart 1700 showing an example of how lost cell process 
ing may be conducted with the present invention. Processing 
begins at block 1702, and a “partial fill” number 1704 is 
retrieved from storage at block 1706. Then, the annotated 
SAR-PDU 1708 is retrieved at block 1710, and it is deter 
mined whether the sequence number occupying bits 4, 5 and 
6 of the header is equal to the number of lost cells occupying 
bits 0,1 and 2 of the header. If that is the case, one is dealing 
with a lost cell having a sequence number equal to Zero, which 
is always a P-cell when operating in the structured data trans 
fer (SDT) basic frame mode of AAL1. Thus, a decision can be 
made at block 1712 whether one is dealing with a P-cell. If 
such is the case, and the “partial fill is equal to 47 as per block 
1714, the “partial fill” can be reset to 46 as per block 1716 to 
take account of the pointerfield. If the cell is not a P-cell, then 
one proceeds directly to block 1718, and sends up to “partial 
fill number of recreated payload bytes to the timeslot re 
assembly processing module. It will be appreciated that in the 
case where a P-cell is being dealt with, one proceeds to block 
1718 after resetting the “partial fill” if necessary, as per 
blocks 1714, 1716. 

In block 1720, the number of lost cells is decremented and 
the annotated SAR-PDU 1722 is updated with the revised 
number of lost cells. At decision block 1724, if the number of 
lost cells is 0, then the cell loss flag is cleared at block 1726 in 
annotated SAR-PDU 1728. This indicates that the next time 
through the process one would be dealing with a valid pay 
load. Conversely, if the number of lost cells is not equal to 0. 
then one completes this cycle per block 1730 and on the next 
time through will detect that lost cells remain and process 
them appropriately. 

FIG. 18 depicts an apparatus 1818 for processing cells in a 
communication system and for interfacing with a cell buffer 
1802. The apparatus includes a cell processing module 1806 
and a cell buffer interface 1810 that is coupled to the cell 
processing module 1806 and configured to interface with the 
cell buffer 1802. Module 1806 can be configured to obtain a 
cell, cause the cell to be stored through the buffer interface, 
determine whether the cell is associated with a loss event, and 
if the cell is associated with a loss event, caused the cell to be 
tagged with a lost cell indicator of the type described above. 
Any type of appropriate processing module, buffer interface 
and buffer can be employed, however, it is preferred to 
employ the header and sequence number processing module 
106, CDV buffer interface 110, and CDV buffer 102 as 
described above. Accordingly, elements in FIG. 18 that are 
analogous to elements in FIG. 1 have received the same 
reference character incremented by 1700. Processing module 
1806 can be configured to perform the various method steps 
discussed above. It will be appreciated that the preferred 
approach of employing the CDV buffer interface 110, the 
CDV buffer 102, and the header and sequence number pro 
cessing module 106 has particular applicability to ATM 
AAL1 cells. 

FIG. 19 shows an exemplary preferred embodiment of the 
present invention implemented as an application specific inte 
grated circuit (ASIC) 1900. Elements in FIG. 19 that are 
analogous to those in FIG. 1 have received the same reference 
character incremented by 1800. In the embodiment shown in 
FIG. 19, the header and sequence number processing module 
1906, re-assembly processing module 1912, CDV buffer 
interface 1910, and re-assembly memory buffer 1904 are all 
implemented as part of ASIC 1900. CDV buffer interface 
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10 
1910 is configured to interface with an external CDV buffer 
1902, which can advantageously be implemented in rela 
tively inexpensive commodity memory. In this case, the re 
assembly memory buffer 1904 is located on ASIC 1900 and a 
separate re-assembly memory bufferinterface is not depicted. 
It will be appreciated that a buffer interface for either buffer 
can include appropriate interconnections for the case when 
the buffer is external to the ASIC 1900; when the buffer is 
located on ASIC 1900, the interface can simply include 
appropriate interconnections directly on the ASIC 1900 (sug 
gested by the bidirectional arrows). The embodiment 
depicted in FIG. 19 includes an on-chip CDV buffer 1920 
which performs the same function as the external CDV buffer 
1902 and is located directly on the ASIC chip 1900. Header 
and sequence number processing module can employ exter 
nal CDV buffer 1902, on-chip CDV buffer 1920, or both. An 
advantage of the on-chip CDV buffer 1920 and the interface 
1910 for the external CDV buffer 1902 is greater flexibility in 
the applications that the ASIC 1900 can be employed in. For 
example, Some applications, such as those Supporting cell 
phone equipment, require very little memory. These may be 
best served by not using the external CDV buffer 1902 at all, 
in order to reduce cost. A single chip solution employing a 
small amount of on-board memory for buffer 1920 may be the 
most cost-effective Solution in Such a case. 

Attention should now be given to FIG. 20, which shows a 
flow diagram 2000 of a preferred technique for implementing 
the method of FIG. 4, employing three separate but interre 
lated processes. In the first process, cells are received from the 
network side at block 2002, payloads are extracted at block 
2004, and the annotated payload is stored in a CDV buffer at 
2006. In the second process, at block 2008, a service request 
from process 3 is awaited. At block 2010, responsive to 
receipt of Such a request, indicated by the dotted arrow, a 
desired payload is extracted from the CDV buffer. At block 
2012, payload information is transferred to process 3. In 
process3, block 2014 indicates that a request for data from the 
line side is awaited. When such is received, data is sent to the 
line side per block 2016. Then, per block 2018, if the fill level 
of the reassembly buffer falls below a set threshold (or other 
Suitable criteria), a request is generated to process 2. 
At least a portion of the techniques of the present invention 

described herein may be implemented in an integrated circuit. 
In forming integrated circuits, a plurality of identical die are 
typically fabricated in a repeated pattern on a Surface of a 
semi-conductor wafer. Each die may include circuit elements 
implementing one or more of the elements described herein, 
and may include other structures or circuits. The individual 
die are cut or diced from the wafer, and then packaged as an 
integrated circuit. One skilled in the art will know how to dice 
wafers and package die to produce integrated circuits. Inte 
grated circuits so manufactured are considered part of this 
invention. Such integrated circuits can include circuits that 
implement a single processor, multiple processors, memory, 
interfaces, and the like, and include ASICs such as that dis 
cussed above. 

Although illustrative embodiments of the present invention 
have been described herein, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modifications may be made by 
one skilled in the art without departing from the scope of the 
invention as set forth in the appended claims. 
What is claimed is: 
1. A method of processing cells in a communications sys 

tem, said method comprising the steps of 
obtaining a cell from a cell sequence, wherein said cell 

sequence is assigned a unique channel identifier and 
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wherein said cell sequence contains only cells of a single 
type that are assigned said unique channel identifier for 
cell routing: 

causing said cell to be stored; 
determining whether said cell is associated with a loss 

event, wherein said loss event is a loss of one or more 
cells in said cell sequence; and 

if said cell is associated with a loss event: 
compressing information pertaining to a lost cell lost in 

said loss event to form a compressed lost cell indica 
tor; and 

causing said cell obtained from said cell sequence to be 
tagged with said compressed lost cell indicator. 

2. The method of claim 1, further comprising the additional 
step of repeating said obtaining step, said step of causing 
storage, said determining step; and said step of causing said 
cell to be tagged if said cell is associated with a loss event, for 
a desired cell sequence. 

3. The method of claim 2, wherein said cell is determined 
to be associated with a loss event if it immediately follows 
said loss event. 

4. The method of claim 2, wherein said cell is an asynchro 
nous transfer mode adaptation layer 1 cell. 

5. The method of claim 2, further comprising the additional 
step of determining a number of lost cells lost in said loss 
event. 

6. The method of claim 5, wherein said compressed indi 
cator comprises: 

a cell loss indication field; and 
a number of lost cells field indicative of said number of lost 

cells lost in said loss event. 
7. The method of claim 5 wherein said cell is an asynchro 

nous transfer mode adaptation layer 1 cell and said com 
pressed indicator is formed as a header portion of said cell, 
said header portion comprising: 

a convergence Sublayer indication bit; 
three bits indicative of a sequence number; 
a one bit cell loss indication field; and 
a three bit number of lost cells field indicative of said 

number of lost cells lost in said loss event. 
8. The method of claim 5, wherein said step of determining 

said number of lost cells comprises the sub-steps of: 
determining whether a sequence number, SN1, of said cell 

is at least equal to a sequence number, SN2, of a cell 
obtained just prior to said cell; and 

calculating said number of lost cells, N, as NSN 1 
SN2-1, if SN12SN2. 

9. The method of claim 5, wherein said step of determining 
said number of lost cells comprises the sub-steps of: 

determining whether a sequence number, SN1, of said cell 
is less than a sequence number, SN2, of a cell obtained 
just prior to said cell; and 

calculating said number of lost cells, N, as N-7- 
SN2+SN1, if SN1<SN2. 

10. The method of claim 5, further comprising the addi 
tional steps of 

extracting a given stored cell of said desired cell sequence 
from storage; 

determining whether said given stored cell is tagged with 
said lost cell indicator, and 

if said given stored cell is tagged with said lost cell indica 
tor, recreating payload data for said number of lost cells 
lost in said loss event. 

11. The method of claim 5, further comprising the addi 
tional steps of 

extracting a given stored cell of said desired cell sequence 
from storage; 
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12 
determining whether said given stored cell is tagged with 

said lost cell indicator, and 
if said given stored cell is not tagged with said lost cell 

indicator, extracting payload data from said given stored 
cell. 

12. The method of claim 2, wherein said storing step com 
prises storing said cell in a cell delay variation buffer. 

13. An apparatus for processing cells in a communications 
system and for interfacing with a cell buffer, said apparatus 
comprising: 

a cell processing module; and 
a cell buffer interface coupled to said processing module 

and configured to interface with the cell buffer; 
wherein said processing module is configured to: 

obtain a cell from a cell sequence, wherein said cell 
sequence is assigned a unique channel identifier and 
wherein said cell sequence contains only cells of a single 
type that are assigned said unique channel identifier for 
cell routing: 

cause the cell to be stored through said buffer interface; 
determine whether the cell is associated with a loss event, 

wherein said loss event is a loss of one or more cells in 
said cell sequence; and 

if the cell is associated with a loss event: 
compress information pertaining to a lost cell lost in the 

loss event to form a compressed lost cell indicator; 
and 

cause the cell obtained from said cell sequence to be 
tagged with said compressed lost cell indicator. 

14. The apparatus of claim 13, wherein: 
said cell processing module comprises a header and 

sequence number processing module: 
said cell buffer comprises a cell delay variation buffer; and 
said processing module is further configured to repeat said 

obtaining, said causing of storage through said buffer 
interface, said determining; and said causing the cell to 
be tagged if the cell is associated with a loss event, for a 
desired cell sequence. 

15. The apparatus of claim 14, wherein the cell is deter 
mined to be associated with a loss event if it immediately 
follows the loss event. 

16. The apparatus of claim 14, wherein the cell is an asyn 
chronous transfer mode adaptation layer 1 cell. 

17. The apparatus of claim 14, wherein said processing 
module is further configured to determine a number of lost 
cells lost in the loss event. 

18. The apparatus of claim 17, wherein the compressed 
indicator comprises: 

a cell loss indication field; and 
a number of lost cells field indicative of the number of lost 

cells lost in the loss event. 
19. The apparatus of claim 17, wherein the cell is an asyn 

chronous transfer mode adaptation layer 1 cell and the com 
pressed indicator is formed as a header portion of the cell, the 
header portion comprising: 

a convergence Sublayer indication bit; 
three bits indicative of a sequence number; 
a one bit cell loss indication field; and 
a three bit number of lost cells field indicative of the num 

ber of lost cells lost in the loss event. 
20. The apparatus of claim 17, wherein said processing 

module determines the number of lost cells by determining 
whether a sequence number, SN1, of the cell is at least equal 
to a sequence number, SN2, of a cell obtained just prior to the 
cell; and calculates the number of lost cells, N, as 
N=SN1-SN2-1, if SN12 SN2. 
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21. The apparatus of claim 17, wherein said processing 
module determines the number of lost cells by determining 
whether a sequence number, SN1, of the cell is less than a 
sequence number, SN2, of a cell obtained just prior to the cell; 
and calculates the number of lost cells, N, as N-7- 
SN2+SN1, if SN1<SN2. 

22. The apparatus of claim 17, wherein said processing 
module is further configured to: 

extract a given stored cell of the desired cell sequence from 
Storage; 

determine whether the given stored cell is tagged with the 
lost cell indicator, and 

if the given stored cell is tagged with the lost cell indicator, 
recreate payload data for the number of lost cells lost in 
the loss event. 

23. The apparatus of claim 17, wherein said processing 
module is further configured to: 

extract a given stored cell of the desired cell sequence from 
Storage; 

determine whether the given stored cell is tagged with the 
lost cell indicator, and 

if the given stored cell is not tagged with the lost cell 
indicator, extract payload data from the given stored cell. 

24. An integrated circuit for processing cells in a commu 
nications system and for interfacing with a cell buffer, said 
integrated circuit comprising: 

a cell processing module; and 

lost 
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a cell buffer interface coupled to said processing module 

and configured to interface with the cell buffer; 
wherein said processing module is configured to: 

obtain a cell from a cell sequence, wherein said cell 
sequence is assigned a unique channel identifier and 
wherein said cell sequence contains only cells of a single 
type that are assigned said unique channel identifier for 
cell routing: 

cause the cell to be stored through said buffer interface; 
determine whether the cell is associated with a loss event, 

wherein said loss event is a loss of one or more cells in 
said cell sequence; and 

if the cell is associated with a loss event: 
compress information pertaining to a lost cell lost in the 

loss event to form a compressed lost cell indicator; 
and 

cause the cell obtained from said cell sequence to be 
tagged with said compressed lost cell indicator. 

25. The integrated circuit of claim 24, wherein: 
said integrated circuit comprises an application specific 

integrated circuit; and 
the cell buffer is external to said integrated circuit. 
26. The integrated circuit of claim 25, further comprising 

an on-chip cell buffer formed on said application specific 
integrated circuit, wherein said cell processing module is 
configurable to selectively communicate with the external 
cell buffer and said on-chip cell buffer. 

k k k k k 
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